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Description 

This invention relates to a self-starting portable 
tool comprising a housing, 
an elongated cylinder in said housing, 
a piston having an upper face and a lower face, 
said piston being mounted in said cylinder to be 
driven between an upper position of rest and a 
lowermost position and forming a motor member, 
a working member attached to said piston, 
a combustion chamber formed within said housing, 
a turbulence generator in said chamber, 
means for providing a fuel and air mixture in said 
chamber, 

means for igniting and exploding said mixture in 
said combustion chamber to drive said piston 
through a driving stroke from said upper position to 
said lowermost position to operate said working 
member, 

and return means for causing said piston to move 
upwardly from said lowermost position to said up- 
permost position of rest. 

A self-starting portable tool of this type is 
known from DE-A 2 422 773. This reference dis- 
closes a fastener tool in which the piston must be 
manually returned each time. As soon as the pres- 
sure drops in the cylinder, the main valve assem- 
bly drops from the elevated position to the closed 
position. Therefore, if the piston begins to rise, 
there will be a rapid rise to atmospheric pressure, 
because the upper surface of the piston is working 
in a closed space of relatively small volume. The 
combustion occurs in a zone adjacent to the main 
valve assembly and the piston is exposed to the 
pressure only after the pressure rise in that zone is 
enough to lift the main valve off its seat. At the end 
of each driving stroke of the tool, the piston is at 
the end of its power stroke, in which position the 
lower surface of the piston rests against a resilient 
or elastomeric bumper disposed within the lower 
end of the cylinder. 

The object of the present invention is an im- 
provement of the above-mentioned known type of 
portable gas-powered tool in such a manner, that a 
compression chamber in the lower end of the main 
cylinder functions as a bumper to prevent the pis- 
ton from striking the support casting and means 
are provided for moving the piston upwardly. 

The invention achieves this aim by the char- 
acterization that the upper face of said piston de- 
fines a wall portion of said combustion chamber, 
said return means including port means in said 
elongated cylinder between its ends for commu- 
nicating said cylinder with ambient atmosphere and 
being disposed below said upper position of rest 
and above said lowermost position of said piston, 
such that when said piston is driven toward said 
lowermost position, said piston moves past said 



outlet means thereby to place said combustion 
chamber in communication with said port means to 
exhaust a portion of combustion gases from said 
combustion chamber to ambient atmosphere and 

5 cause a reduction in temperature of the combustion 
gases remaining in the combustion chamber and 
said return means further including bumper means 
at the lower end of the cylinder for initially moving 
said piston upwardly from said lowermost position, 

w said combustion chamber above said upper face 
being out of communication with ambient atmo- 
sphere during the further return of said piston to 
said upper position of rest, said further return of 
said piston to said upper position of rest being 

75 substantially caused by said return means produc- 
ing an upwardly acting pressure differential on said 
upper and lower faces of said piston induced by 
the reduction in temperature of the combustion 
gases above the upper face to produce a sharp 

20 reduction of pressure in said combustion chamber 
to below ambient pressure. 

Furthermore, the port means comprise a plural- 
ity of ports being located in the lower end of the 
cylinder. Said port means is in communication with 

25 ambient atmosphere when that piston is both 
thereabove and therebelow through an exhaust 
valve which opens when the pressure below the 
piston increases above ambient pressure, and 
which closes in response to a reduction to pressure 

30 below atmosphere pressure internally of the cyl- 
inder in the zone of said port means. Said exhaust 
valve is adapted to open in response to movement 
of said piston downwardly towards said port 
means, as well as in response to exposure to said 

35 combustion chamber when said piston moves 
downwardly past said port means. 

The portable tool according to the invention 
includes exhaust valve means located above the 
bottom of said cylinder for exhausting air beneath 

40 the piston through said port means as the piston 
moves through its driving stroke, the portion of the 
cylinder below said port means, the piston lower 
face and the housing adjacent the bottom of the 
cylinder providing a sealed compression chamber 

45 whereby the air below the piston and port means is 
compressed to form an air bumper to prevent the 
piston from contacting the housing adjacent the 
bottom of the cylinder. The section of the housing 
adjacent the bottom of the cylinder includes a 

so plurality of one-way return valves which open to 
introduce atmospheric air to assist in moving the 
piston to its upper position after it has been driven 
and the combustion gases have been exhausted 
through port means and a vacuum exists above the 

55 piston. 

Thus, the invention provides for a compression 
of the air beneath the piston to provide a bumper 
preventing the piston from engaging the bottom of 
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the cylinder. In the absence of the differential pres- 
sure across the piston it will remain fixed in place 
relative to the interior side walls of the main cyl- 
inder when it is returned to its driving position by 
the frictional force between the piston and the 
inside side walls of the main cylinder. 

Numerous other advantages and features of 
the invention will become readily apparent from the 
following detailed description of the described em- 
bodiments, from the claims, and from the accom- 
panying drawings. 

Brief Description of the Drawings 

Figure 1 is a partial cross-sectional side 
elevational view of an embodiment of the 
present invention, a fastener driving tool, and 
illustrating the position of the principal compo- 
nents before the tool has been fired; 
Figure 2 is a partial cross-sectional side 
elevational view of the fastener driving tool as 
shown in Figure 1 illustrating the position of the 
major components located at the lower end of 
the barrel section at the end of the linear motor 
driving stroke; 

Figure 3 is an enlarged partial cross-sectional 
side elevational view of the components forming 
the ignition mechanism of the embodiment of 
Figure 1 ; and 

Figure 4 is a schematic diagram illustrating the 
ignition circuit of the embodiment of Figure 1. 

Detailed Description 

This invention is susceptible of being used in 
many different types of tools. There is shown in the 
drawings and will herein be described in detail an 
embodiment of the tools incorporating the inven- 
tion, with the understanding that this embodiment 
is to be considered but exemplification, and that it 
is not intended to limit the invention to the specific 
embodiment illustrated. The scope of the invention 
will be pointed out in the claims. 

Reference is now made to Figures 1-4, which 
illustrate a portable fastener driving tool employing 
the novel linear motor. 

Referring first to Figure 1, there is illustrated a 
fastener driving tool 100, the principal components 
of which are attached to or carried by a generally 
hollow housing 102. The housing 102 of the tool 
100 has three major sections: a barrel section 108, 
a graspable, elongated handle section 110 extend- 
ing horizontally outwardly from a position generally 
midway of the barrel section, and a base 106 
extending under the barrel section and the handle 
section. Located within the barrel section 108 is a 
main cylinder 104 in which the linear motor is 
located. Included in the base 106 is a magazine 



assembly 112 holding a row of nails disposed 
transversely to the path of a fastener driver 132 
that is connected to and operated by the linear 
motor, which in this case is a working piston as- 

5 sembly130. 

The lower end of the barrel section 108 carries 
a guide assembly 152 which guides the fastener 
driver towards the workpiece. The magazine 112 
supplies fasteners serially under the fastener driver 

70 132 into the guide assembly 152 to be driven into 
the workpiece. The base 106 also supports a hold- 
er 116 containing a plurality of dry cells which form 
the power source 118. 

A fuel tank 114 is mounted between the barrel 

75 section 108 and the handle portion 110 of the 
housing 102. The fuel tank 114 is filled with a 
liquefied, combustible gas kept under pressure, 
such as, MAPP gas or propane, which vaporizes 
when it is discharged into the atmosphere. The fuel 

20 tank 114 is supported by a pivoted lower bracket 
200 and a fixed, generally U-shaped upper bracket 
202. The upper end of the fuel tank 114 carries a 
valve assembly 204 for metering fuel out of the 
tank. A flexible plastic cover 210 pivotably joined to 

25 a cover member 168 fits into the upper bracket 202 
to retain the fuel tank in place. The cover 210 is 
opened when the fuel tank 114 must be replaced. 
The cover 210 provides a downward force which 
snugly holds the lower end of the fuel tank within 

30 the lower bracket 200. At this point, it should be 
noted that the upper bracket 202 has an inside 
dimension greater than the outside dimension of 
the fuel tank 114. 

In particular, this dimension is selected so that 

35 when the upper end of the fuel tank is forced 
towards the upper end of the barrel section 108 of 
the housing 102, the valve assembly 204 will be 
actuated to dispense a metered quantity of fuel. 
The manner in which this is accomplished will be 

40 explained after the interior components of the tool 
have been described. 

Barrel Section 



45 At the interior of the lower end of the barrel 
section 108 of the housing 102, there is located the 
open-ended cylinder 104. The cylinder will 
hereinafter be referred to as the "main cylinder". 
The diameter of the main cylinder 104 relative to 

50 the diameter of the barrel section 108 of the hous- 
ing 102 is such that an open generally annular 
zone or region 134 is formed. The barrel section of 
the housing 102 is formed with peripheral openings 
103, which allow air to pass freely around the 

55 exterior of the main cylinder 104. 

The driving piston 130 is mounted within the 
main cylinder and carries the upper end of the 
fastener driver 132. The upper end of the barrel 
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section 108 of the housing 102 carries an elec- 
trically powered fan 122 and a main valve mecha- 
nism 124, which controls the flow of air between 
the combustion chamber 120 and atmosphere. The 
upper end of the housing located above the fan is 
closed by the cylinder head 126. The main valve 
mechanism 124 includes an upper cylinder 136, 
which together with the cylinder head 126, the 
main cylinder 104, and the piston 130 forms the 
combustion chamber 120. The electric fan includes 
a set of blades 123 which are joined to the output 
shaft of the electric motor 122. 

The main cylinder 104 is closed at its lower 
end by a cup-shaped support casting 128 that is 
suitably supported in the barrel section. Located 
near the bottom of the cylinder 104 are a series of 
exhaust ports 156 that are closed off by exhaust 
valves 172 that are located to control the flow of 
gas out of the cylinder 104 when the piston linear 
motor 1 30 passes the ports 1 56. Connected to the 
cylinder 104 adjacent the ports 156 is an annular 
ring-shaped casting 173. At the bottom of the cyl- 
inder 104, a seal 158 is used to plug the center of 
the support casting 128. Also located in the support 
casting are a plurality of ports 176 which intercon- 
nect the bottom of the cylinder 104 with the cham- 
ber 146 in which there is located a spring 148 for 
reasons to be described hereinafter. 

The piston 130 moves between the opposite 
ends of the main cylinder 104. The upward and 
downward movement of the piston defines the driv- 
ing and return strokes of the piston. As previously 
mentioned, valves 172 permit exhausting of the gas 
above the piston when the piston passes the ports 
156 and the valves 174, which remain closed dur- 
ing the downward movement of the piston, provide 
for a compression of the air beneath the piston to 
provide a bumper preventing the piston from en- 
gaging the bottom of the cylinder. These valves 
174 also function to open and introduce air into the 
space below the piston after the piston begins to 
be returned to its driving position. The piston 130 
carries the fastener driver, which extends through 
the seal 158 and into the guide assembly 152. The 
guide assembly is configured to pass individual 
fasteners 154 that are disposed therein by the 
magazine 112, so that when the piston 130 is 
driven through its driving stroke a fastener is driven 
into a workpiece. 

It is to be noted that the piston 130 includes a 
pair of O-rings that are sized so that the frictional 
force between the piston and the inside sidewalls 
of the main cylinder is sufficiently great so that in 
the absence of the differential pressure across the 
piston it will remain fixed in place relative to the 
interior sidewalls of the main cylinder when it is 
returned to its driving position. The upward move- 
ment of the piston 130 is limited by a overhang of 



the cylinder 104. 

The cylinder 136 constituting the valve control 
for the combustion chamber is free to move be- 
tween the lower position shown in solid lines in 

5 Figure 2 wherein the combustion chamber is open 
to atmosphere to permit air to flow in, as shown by 
the arrows 226 and an upper position shown in 
dotted lines wherein the combustion chamber is 
sealed off from the atmosphere by the O-ring 162 

w provided in the cap 126 and the O-ring 160 pro- 
vided in the main cylinder 104. Air is thus free to 
enter through the upper opening 140 when the tool 
is in the position shown in Figure 1 and expanded 
combustion gas is free to exit from the combustion 

75 chamber 120 through the opening 138. The down- 
ward movement of the cylinder 136 is limited by 
engagement of inwardly extending fingers 170 on 
cylinder 136 with cylinder 104. 

It is essential to provide turbulence in the com- 

20 bustion chamber 120 to maximize the operating 
efficiency of the tool. 

When the chamber 120 is opened to atmo- 
sphere, the position and configuration of the rotat- 
ing fan blades 123 causes a differential pressure 

25 across the combustion chamber 120. This action 
creates movement of air in the chamber 120 and 
forces air in (arrow 226) through the upper open- 
ings 140 and out (arrow 224) through the lower 
openings 138. When the combustion chamber is 

30 sealed off from the atmosphere, and turbulence is 
created in the combustion chamber by rotation of 
fan 123, fuel is injected and the mixture is ignited. 
The flame propagation enhanced by the turbulence 
substantially increases the operating efficiency of 

35 the tool. 

To insure that the tool cannot be fired until it is 
in engagement with the workpiece, the movement 
of the cylinder 136 is effected by a bottom trip 
mechanism which is operated when the tool is 

40 brought into contact with a workpiece into which a 
fastener is to be driven. In the embodiment illus- 
trated in Figure 1, it includes a spring-loaded cast- 
ing to which are connected lifting rods that are 
used to raise and lower the cylinder 136. 

45 Specifically, a Y-shaped casting 142 is located 

in the chamber 146 between the guide assembly 
152 and the lower end of the support casting 128. 
Connected to the casting are three lifting rods 
144A, B and C which interconnect the casting 142 

so to the cylinder 136. Extending downwardly from the 
casting 142 is a cylinder mount 147. The spring 
148 in the chamber 146 acts to bias the casting 
142 into the position shown in Figure 1. Located 
within the cylindrical mount 147 is the main lifting 

55 rod 150 which when moved upwardly moves the 
rods 144A, B and C upwardly, which carries with it 
the cylinder 136 to close off the combustion cham- 
ber. The design is selected so that engagement of 
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the main lift rod with the workpiece raises the 
cylinder 136 the prescribed amount to the broken 
line position shown in Figure 2 to seal the combus- 
tion chamber. Accordingly, when the tool is lifted 
off from the workpiece, the spring 148 biases the 
lifting rod 150 downwardly to move the cylinder 
136 to the full line position shown in Figure 1 
wherein the combustion chamber is open to at- 
mosphere. 

All the major components fitting within the bar- 
rel section 108 of the housing 102 have been 
described with the exception of those components 
that are joined to the cylinder head 126. 

The cylinder head 126 carries the electric fan 
122, a spark plug 164, and provides an internal 
passageway 166 through which fuel is injected into 
the combustion chamber 120. 

The components located within the handle sec- 
tion 110 of the housing 102 will now be described. 

Handle Section 

The handle section 110 contains the controls 
used to operate the tool 100. In particular, the 
handle section 110 contains a "deadman's" switch 
178, a trigger mechanism 180, a piezoelectric firing 
circuit 182, which activates the spark plug 164, a 
portion of a fuel ejecting mechanism 184, which 
introduces fuel into the combustion chamber 120 
via the passageway 166 in the cylinder head 126, 
and a firing circuit interlock mechanism 188, which 
locks and unlocks the trigger mechanism 180. 

The deadman's switch 178 is mounted at the 
top of the handle 110. It is suitably connected 
through appropriate mechanism to operate the 
electric motor 122 to drive the fan 123. Thus, it can 
be seen that when the user of the tool grips the 
handle in the forward position, the fan 122 is ac- 
tuated to provide turbulence in the combustion 
chamber 120. 

The trigger mechanism 180 mounted in the 
handle includes a lever 190 which is pivotally con- 
nected to a piezo-electric firing circuit 182 by a pin 
1 92. The trigger button 1 94 is joined by a pivot pin 
196 to the fuel ejecting mechanism 184. 

The fuel ejecting mechanism 184, which func- 
tions to introduce a prescribed metered amount of 
fuel into the combustion chamber, includes an ac- 
tuating link 212 which interconnects the trigger 194 
to a camming mechanism 214. The operation of 
the trigger through the linkage 212 and camming 
mechanism 214 acts to move the fuel tank 114 to 
the left, which results in depression of the outlet 
nozzle 206 to introduce a metered amount of fuel 
into the passageway 166 from the metered valve 
assembly 204. It is noted that the tank 114 is 
retained in position by means of the cover 210 
which is interengaged with the upper bracket 202. 



When the trigger is released, the spring 208 acts to 
return the fuel tank to the position in Figure 1 . 

The fuel injected into the combustion chamber 
120 is ignited by a spark plug 164 powered from 

5 the piezoelectric firing circuit 182. Figures 3 and 4 
illustrate the firing circuit 182. According to the 
piezoelectric effect, voltage is produced between 
opposite sides of certain types of crystals 182A, 
182 B when they are stuck or compressed. Here a 

10 camming mechanism actuated by the lever 190 
and pivot pin 192 is used to force together the two 
crystals 182A, 182B. An adjusting screw 183 sets 
the preload to the assembly. A schematic diagram 
of the electrical circuit between the spark plug 164 

75 and the piezo-electric firing circuit 182 is illustrated 
in Figure 4 and includes a capacitor C and a 
rectifier R. The capacitor C stores energy until the 
spark discharges, and the rectifier R permits spark 
to occur when the trigger is squeezed and not 

20 when the trigger is released. The piezo-electric 
firing circuit 182 is tripped when the lever 190 is 
raised upwardly by the trigger mechanism 180. 
Before the firing circuit can be retired or recycled, 
the lever 190 must be lowered to cock the cam 

25 used to force the two crystals 182A and 182B 
together. 

There remains to describe the firing circuit 
interlock mechanism which precludes firing of the 
tool until all components are in their proper posi- 

30 tion. This includes links 216 which are connected 
to the trigger mechanism 180 by a tension spring 
220 and a pivot pin 222. Connecting links 216 are 
located on opposite sides of the fuel tank 114. It 
can be appreciated that with the pin 21 8B located 

35 in the slotted opening 198 of the handle 110 that 
until the cylinder 136 is moved upwardly by the 
upward movement of the rods, 144A, B, and C, the 
trigger cannot be actuated to form the spark to 
ignite the fuel in the combustion chamber. Upward 

40 movement of the rods 144A, B, and C moves the 
links 216 upwardly and withdraws the pin 21 8B out 
of the slot 198, thus permitting the trigger 194 to 
be moved upwardly to introduce the metered fuel 
into the combustion chamber and actuate the pi- 

45 ezoelectric circuit. Stated another way, the trigger 
cannot be actuated to introduce fuel and create a 
spark until the workpiece is engaged to move the 
guide assembly upwardly, which moves the casting 
142 upwardly to free the trigger 194. 

50 Briefly, the tool disclosed in Figures 1-4 op- 

erates as follows. 

Grasping of the tool 110 engages the dead- 
man's switch 178 to start the fan motor 122 to 
rotate the blades 123 to provide turbulence in the 

55 combustion chamber 120. With the electric fan 
running, a differential pressure is produced across 
the combustion chamber, which acts to force fresh 
air in (arrow 226) through the upper openings 140 
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and out (arrow 224) through the lower opening 138. 
The rotating fan blades produce a swirling turbulent 
effect within the combustion chamber. Any com- 
bustion gases remaining in the combustion cham- 
ber due to the previous operation of the tool are 
thoroughly scavenged and discharged from the 
combustion chamber by operation of the electric 
fan 122. 

When the tool is positioned on the workpiece, 
the main lifting rod is depressed, as shown in 
Figure 23, which overcomes the force of the bias- 
ing spring 148 to move lifting rods 144A, B, and C, 
and the cylinder 136 from its lower position shown 
in solid lines to its upper position shown in dotted 
lines to seal off the combustion chamber 120. This 
upward movement of the lifting rods also activates 
the firing circuit interlock mechanism 188. That is 
to say that the links 216 and associated pins 21 8B 
are pulled out of the slot 198, thus permitting the 
trigger 194 to be moved upwardly. Upward move- 
ment of the trigger 194 actuates the fuel injecting 
mechanism by moving the container to the left 
through the action of the linkage 212 and camming 
mechanism 214. This results in engaging the me- 
tering valve assembly 204 to introduce a metered 
amount of fuel into the passageway 166 and the 
combustion chamber 120. During upward move- 
ment of the trigger 194, the crystals 182A and 
182B are forced together to actuate the piezo- 
electric firing circuit 182, which fires the spark plug 
164 in the combustion chamber 120. 

The rapid expansion of the exploding air and 
fuel mixture pressurizes the upper face 130A of the 
piston 130 and drives the fastener driver downwar- 
dly wherein it forces a fastener 154 into a work- 
piece. In addition, the movement of the piston 130 
through its driving stoke compresses the air within 
the main cylinder 104 bounded by the lower face 
of 130B of the piston and the inside of support 
casting 128. As the pressure increases below the 
piston 130, the exhaust valve means 172 on the 
sidewalls of the main cylinder 104 pops open. As 
long as the exhaust valve means 172 is open, the 
pressure cannot build up on the lower face 130B of 
the piston 130. When the piston 130 passes below 
the ports 156, the air bounded by the lower face of 
the piston and the inside of the support casting is 
now isolated from the atmosphere, and the pres- 
sure on the lower face 130B of the piston rapidly 
increases. Effectively, a compression chamber has 
been formed in the lower end of the main cylinder 
which functions as a bumper to prevent the piston 
from striking the support casting 128. 

Once the piston 130 has passed the ports 156 
on the sidewalls of the main cylinder 104, the 
combustion gases are free to flow out of the main 
cylinder 104 through the exhaust valve means 172 
to the atmosphere. The temperature of the gases in 



the combustion chamber rapidly drops from ap- 
proximately 2000 • F (1 093 • C) to 70 • F (21 .1 • C) in 
about 70 milliseconds due to the expansion of the 
gases as the piston moves downwardly and the 

5 cooling effect of the walls surrounding the expand- 
ing gases, and this sudden temperature drop pro- 
duces a vacuum within the combustion chamber 
120. Once the pressure within the combustion 
chamber is below atmosphere, the exhaust valve 

w means 172 shuts off. 

As soon as the pressure on the upper face 
130A of the piston 130 is less than the pressure on 
the lower face 130B, the piston will be forced 
upwardly through its return stroke. Initially, this 

T5 upward movement is caused by the expansion of 
the compressed air within the compression cham- 
ber (see Figure 3). Subsequent movement is caus- 
ed by the pressure of the atmosphere, since the 
thermal vacuum formed within the combustion 

20 chamber 120 is on the order of a few psia 1psia a 
6,89-1 0 3 Pa. Additional air is supplied to the lower 
face 130B of the piston 130 through the return 
valves 174 which are opened by the atmospheric 
pressure. The piston 130 will continue upwardly 

25 until it engages the lip on the cylinder and will 
remain suspended at the upper end of the main 
cylinder by virtue of the frictional engagement be- 
tween the sealing rings and the cylinder wall plus 
the force of the seal 158 on the fastener driver 132. 

30 If the tool 100 is then lifted clear of the work- 

piece the main lifting rod 150 is forced outwardly 
by its main biasing spring 148. Since the electric 
fan 123 is still in operation, any remaining combus- 
tion gases are forced out of the lower openings 

35 138, and fresh air is drawn in through the upper 
openings 140. This prepares the tool for firing 
another fastener into the workpiece. When the trig- 
ger button 194 is released the piezo-electric sys- 
tem 182 is reset or cooked for a subsequent firing 

40 period. When the main lifting rod 150 is driven 
downwardly by the biasing spring 148, the lock pin 
21 8B within the firing circuit interlock mechanism 
188 is forced back into the slotted opening 198 in 
the housing. This prevents subsequent operation of 

45 the trigger mechanism until the tool 100 is properly 
positioned on the workpiece and the combustion 
chamber is isolated from the atmosphere. 

A portable gas-powered tool with this novel 
linear motor can be used for a variety of purposes, 

50 depending on the attachments connected to the 
motor. For example, as illustrated in the embodi- 
ment of Figures 1-4, it can be used to drive fasten- 
ers. Also, of course, attachments can be connected 
to the working member of the linear motor for 

55 shearing tree limbs, connecting hog rings, animal 
tags, piercing holes, marking metal plates, etc. In 
substance, it can be used anywhere where a large 
force is required. As stated, this too! is fully porta- 
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ble, can be light in weight, and thus can be used 
anywhere independent of the need for an external 
source of power, such as compressed air. 

The novel motor is made possible in a rela- 
tively small portable tool by the creation of turbu- 
lence in the combustion chamber prior to and 
during combustion. This has not been done before 
in a portable tool and while it is acknowledged that 
internal combustion engines are notoriously old, 
these all require an external source of power in 
order to start the engine. The fan causes the air 
and fuel to be mixed to a generally homogeneous 
state under atmospheric conditions, and continued 
operation of the fan increases the burning speed of 
the fuel-air mixture in the combustion chamber 
prior to and during movement of the working mem- 
ber. In this tool, no external source of power is 
required and starting of the tool is totally indepen- 
dent of movement of the working member. This 
tool utilizes liquified gas, and thus is very economi- 
cal to operate. Actually, it is about one half the cost 
of operating a pneumatic tool powered by a gaso- 
line driven air compressor. As stated above, a 
relatively small portable tool adaptable for many 
uses can be designed employing the invention. 

Claims 

1. A self-starting portable tool comprising a hous- 
ing (102), 

an elongated cylinder (104) in said housing 
(102), 

a piston (130) having an upper face (130A) and 
a lower face (130B), 

said piston (130) being mounted in said cyl- 
inder (104) to be driven between an upper 
position of rest and a lowermost position and 
forming a motor member, 
a working member (132) attached to said pis- 
ton (130), 

a combustion chamber (120) formed within 
said housing (102), a turbulence generator 
(122) in said chamber (120), 
means for providing a fuel and air mixture in 
said chamber (120), 

means (164) for igniting and exploding said 
mixture in said combustion chamber (120) to 
drive said piston (130) through a driving stroke 
from said upper position to said lowermost 
position to operate said working member 
(132), 

and return means for causing said piston (130) 
to move upwardly from said lowermost position 
to said uppermost position of rest, 
characterized in that 

the upper face (130A) of said piston (130) 
defines a wall portion of said combustion 
chamber (120), 



said return means including port means (156) 
in said elongated cylinder (104) between its 
ends for communicating said cylinder (104) 
with ambient atmosphere and being disposed 

5 below said upper position of rest and above 

said lowermost position of said piston (130), 
such that when said piston (130) is driven 
towards said lowermost position, said piston 
(130) moves past said outlet means (156) 

10 thereby to place said combustion chamber 

(120) in communication with said port means 
(156) to exhaust a portion of combustion gases 
from said combustion chamber (120) to am- 
bient atmosphere and cause a reduction in 

75 temperature of the combustion gases remain- 

ing in the combustion chamber (1 20) and 
said return means further including bumper 
means at the lower end of the cylinder (104) 
for initially moving said piston (130) upwardly 

20 from said lowermost position, said combustion 

chamber (120) above said upper face (130A) 
being out of communication with ambient at- 
mosphere during the further return of said pis- 
ton (130) to said upper position of rest, said 

25 further return of said piston (130) to said upper 

position of rest being substantially caused by 
said return means producing an upwardly act- 
ing pressure differential on said upper and 
lower faces (130A, 130B) of said piston (130) 

30 induced by the reduction in temperature of the 

combustion gases above the upper face (1 30A) 
to produce a sharp reduction of pressure in 
said combustion chamber (120) to below am- 
bient pressure. 

35 

2. A self-starting portable tool in accordance with 
claim 1, wherein said port means comprises a 
plurality of ports (156). 

40 3. A self-starting portable tool in accordance with 
claim 1, wherein said port means (156) is 
located in the lower end of the cylinder (104) 
but above the bottom thereof. 

45 4. A self-starting portable tool in accordance with 
claim 1 , wherein said port means is in commu- 
nication with ambient atmosphere when said 
piston (130) is both thereabove and therebelow 
through an exhaust valve (172) which opens 

so when the pressure below the piston (130) in- 

creases above ambient pressure, and which 
closes in response to a reduction to pressure 
below atmosphere pressure internally of the 
cylinder (104) in the zone of said port means 

55 (156). 

5. A self-starting portable tool in accordance with 
claim 4, wherein said exhaust valve (172) is 
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adapted to open in response to movement of 
said piston (130) downwardly towards said port 
means (156), as well as in response to expo- 
sure to said combustion chamber (120) when 
said piston (130) moves downwardly past said 
port means (156). 

6. A self-starting portable tool as set forth in 
claim 1, including exhaust valve means (172) 
located above the bottom of said cylinder (104) 
for exhausting air beneath the piston (130) 
through said port means (156) as the piston 
moves through its driving stroke, the portion of 
the cylinder (104) below said port means 
(156), the piston lower face (130B) and the 
housing (102) adjacent the bottom of the cyl- 
inder (104) providing a sealed compression 
chamber (146) whereby the air below the pis- 
ton (130) and port means (156) is compressed 
to form an air bumper to prevent the piston 
(130) from contacting the housing (102) adja- 
cent the bottom of the cylinder (104). 

7. A self-starting portable tool as set forth in 
claim 4, in which the section of the housing 
(102) adjacent the bottom of the cylinder (104) 
includes a plurality of one-way return valves 
(174) which open to introduce atmospheric air 
to assist in moving the piston (130) to its upper 
position after it has been driven and the com- 
bustion gases have been exhausted through 
port means (156) and a vacuum exists above 
the piston (130). 

Revendications 

1. Un outil portatif a auto-de mar rage comprenant: 

- un carter (102), 

- un cylindre allonge (104) dans ledit car- 
ter (102), 

- un piston (130) comportant une face su- 
perieure (130A) et une face inferieure 
(130B), 

- ledit piston (130) etant monte* dans ledit 
cylindre (104) de fagon a etre entraTne 
entre une position superieure de repos et 
une position limite inferieure et formant 
un element moteur, 

- un element de travail (132) fixe sur ledit 
piston (130), 

- une chambre de combustion (120) for- 
med a !'inte>ieur dudit carter (102), 

- un geneVateur de turbulence (122) dans 
ladite chambre (120), 

- des moyens pour crSer un melange de 
carburant et d'air dans ladite chambre 
(120), 

- des moyens (164) pour produire i'alluma- 



ge et I'explosion dudit melange dans la- 
dite chambre de combustion (120) afin 
d'entraTner ledit piston (130) dans une 
course d'entraTnement depuis ladite posi- 
5 tion superieure jusque dans ladite posi- 

tion limite inferieure afin d'actionner ledit 
element de travail (132), 

- et des moyens de retour pour faire en 
sorte que ledit piston (130) se d^place 

w vers le haut depuis ladite position limite 

inferieure jusque dans ladite position li- 
mite superieure de repos, 

- caracteVise* en ce que : 

- la face superieure (130A) dudit piston 
75 (130) definit une partie de paroi de ladite 

chambre de combustion (120), 

- lesdits moyens de retour comprenant 
des moyens formant orifices (156) for- 
mes dans ledit cylindre allonge (104) en- 

20 tre ses extre mites pour mettre en com- 

munication ledit cylindre (104) avec I'at- 
mosphere ambiante et etant disposes en 
dessous de ladite position superieure de 
repos et au-dessus de ladite position li- 

25 mite inferieure dudit piston (130) de telle 

sorte que, quand ledit piston (130) est 
entraTne en direction de ladite position 
limite inferieure, ledit piston (130) se de- 
place apres lesdits moyens formant orifi- 

30 ces (156) de maniere a mettre ladite 

chambre de combustion (120 en commu- 
nication avec lesdits moyens formant ori- 
fices (156) pour decharger une partie des 
gaz de combustion de ladite chambre de 

35 combustion (120) dans Tatmosphere am- 

biante et pour produire une reduction de 
la temperature des gaz de combustion 
restant dans la chambre de combustion 
(120) et 

40 - lesdits moyens de retour comprennent 

en outre un moyen formant tampon, situe 
a I'extremite inferieure du cylindre (104) 
pour depfacer ledit piston (130) vers le 
haut a partir de ladite position limite infe- 
rs rieure, ladite chambre de combustion 
(120), au-dessus de ladite face superieu- 
re (130A), n'etant plus en communication 
avec I'atmosphere ambiante pendant la 
suite du retour dudit piston (130) jusque 
50 dans ladite position superieure de repos, 
ladite suite de retour dudit piston (130) 
jusque dans ladite position superieure de 
repos etant causee dans I'essentiel par 
ledit moyen de retour produisant sur les- 
55 dites faces superieure et inferieure 
(130A, 130B) dudit piston (130) une diffe- 
rence de pression agissant vers le haut 
et engendree par la reduction de tempe- 
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rature des gaz de combustion au-dessus 
de la face supe>ieure (130A) afin de pro- 
duce une forte reduction de pression 
dans tadite chambre de combustion 
(120) jusqu'en dessous de la pression 
ambiante. 

2. Un outil portatif a auto-d6marrage selon la 
revendication 1, dans lequel lesdits moyens 
formant orifices comprennent une plurality 
d'orifices (156). 

3. Un outil portatif a auto-d6marrage selon ta 
revendication 1, dans lequel lesdits moyens 
formant orifices (156) sont situ£s a I'extremite 
inferieure du cylindre (104) mais au-dessus de 
son fond. 

4. Un outil portatif a auto-demarrage selon la 
revendication 1, dans lequel lesdits moyens 
formant orifices sont en communication avec 
I'atmosphere ambiante, lorsque ledit piston 
(130) se trouve a la fois au-dessus et en 
dessous d'eux, par I'intermediaire d'une sou- 
pape d'e"chappement (172) qui s'ouvre quand 
la pression en dessous du piston (130) aug- 
mente au-dessus de la pression ambiante, et 
qui se ferme en rdponse a une reduction de la 
pression en dessous de la pression atmosph§- 
rique a I'interieur du cylindre (104) et dans la 
zone desdits moyens formant orifices (1 56). 

5. Un outil portatif a auto-d£marrage selon la 
revendication 4, dans lequel ladite soupape 
d'echappement (172) est adaptee pour s'ouvrir 
en nSponse a un mouvement dudit piston (130) 
vers le bas en direction desdits moyens for- 
mant orifices (156), et egalement en reponse a 
une exposition a ladite chambre de combus- 
tion (120) quand ledit piston (130) se de>lace 
vers le bas au-dela desdits moyens formant 
orifices (1 56). 

6. Un outil portatif a auto-d£marrage selon la 
revendication 1, comprenant un moyen (172) 
formant soupape d'echappement et situe au- 
dessus du fond dudit cylindre (104) pour de- 
charger de Pair en dessous du piston (130) par 
I'intermediaire desdits moyens formant orifices 
(156) lorsque le piston se deplace dans sa 
course d'entratnement, la partie du cylindre 
(104). situ£e en dessous desdits moyens for- 
mant orifices (156), la face inferieure (130B) du 
piston et le carter (102) adjacent au fond du 
cylindre (104) crdant une chambre de com- 
pression herm&ique (146) de facon que I'air 
situe en dessous du piston (130) et des 
moyens formant orifices (156) soient compri- 



mes pour former un tampon d'air emp§chant 
le piston (130) d'entrer en contact avec le 
carter (102) dans une zone adjacente au fond 
du cylindre (104). 

5 

7. Un outil portatif a auto-demarrage selon la 
revendication 4, dans lequel la section du car- 
ter (102) adjacente au fond du cylindre (104) 
comporte une plurality de clapets unidirection- 

10 nels (174) qui s'ouvrent pour introduire de I'air 
atmospheVique afin d'assister le mouvement 
du piston (130) jusque dans sa position supe- 
rieure apres qu'il a 6\6 entraTne* et apres que 
les gaz de combustion ont ete dScharges par 

75 I'intermediaire des moyens formant orifices 

(156) et qu'un vide existe au-dessus du piston 
(130). 

Patentanspruche 

20 

1. Selbstanlassendes tragbares Werkzeug, beste- 

hend aus einem Gehause (102), 

einem sich langs erstreckenden Zylinder (104) 

in dem Gehause (102), 
25 einem Kolben (130) mit einer Oberseite (130 

A) und einer Unterseite (130 B), 

wobei der in dem Zylinder (104) angeordnete 

Kolben (130) zwischen einer oberen Ruhestel- 

lung und einer untersten Steliung antreibbar ist 
30 und ein Motororgan bildet, 

einem Arbeitsorgan (132), das an dem Kolben 

(130) angebracht ist, 

einer Verbrennungskammer (120), die inner- 
halb des Gehauses (102) gebildet ist, 
35 einem Turbulenzgenerator (122) in der Kam- 

mer (120), 

einer Vorrichtung zum Zurverfugungstellen ei- 
nes Brennstoff- und Luftgemisches in der 
Kammer (120), 

40 einer Vorrichtung (164) zum Zunden und Ex- 

plodieren der Mischung in der Verbrennungs- 
kammer (120), urn den Kolben (130) durch 
einen Treibhub aus der oberen Steliung in die 
unterste Steliung anzutreiben und das Arbeits- 

45 organ (132) zu betatigen, 

und einer Ruckstellvorrichtung zum Aufwarts- 
bewegen des Kolbens (130) aus seiner unter- 
sten Steliung in die oberste Ruhestellung, 
dadurch gekennzeichnet, da/3 

so die Oberseite (130 A) des Kolbens (130) einen 

Wandteil der Verbrennungskammer (120) bil- 
det, 

die Ruckstellvorrichtung eine Offnung (156) in 
dem sich langs erstreckenden Zylinder (104) 
55 zwischen dessen Enden zur Herstellung einer 

Verbindung des Zylinders (104) mit der Umge- 
bungsatmosphare umfa/3t und unterhalb der 
oberen Ruhestellung sowie oberhalb der unter- 
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sten Stellung des Kolbens (130) angeordnet 
ist, derart, daJ3, wenn der Kolben (130) in Rich- 
tung seiner untersten Stellung angetrieben 
wird, der Kolben (130) sich an der Auslaflvor- 
richtung (156) vorbeibewegt, wodurch die Ver- 5 
brennungskammer (120) mit der Offnungsein- 
richtung (156) in Verbindung gebracht wird, urn 
einen Teil der Verbrennungsgase aus der Ver- 
brennungskammer (120) in die Umgebungsat- 
mosphMre auszutreiben und die Temperatur w 
der in der Verbrennungskammer (120) verblei- 
benden Verbrennungsgase zu verringern, und 
die Ruckstellvorrichtung au/terdem eine Damp- 
fervorrichtung am unteren Ende des Zylinders 
(104) fur eine Anfangsbewegung des Kolbens 75 
(130) aus der untersten Stellung nach oben 
umfafit, wobei die Verbindung der Verbren- 
nungskammer (120) oberhalb der Oberseite 
(130 A) mit der umgebenden Atmosphare wah- 
rend der weiteren Ruckstellbewegung des Kol- 20 
bens (130) in die obere Ruhestellung unterbro- 
chen ist, die weitere RUckstellbewegung des 
Kolbens (130) in die obere Ruhestellung im 
wesentlichen durch die Ruckstellvorrichtung 
verursacht ist, welche ein aufwarts wirkendes 25 
Druckdifferential auf die oberen und unteren 
Seiten (130 A, 130 B) des Kolbens (130) her- 
vorruft, das durch die Verringerung der Tem- 
peratur der Verbrennungsgase oberhalb der 
Oberseite (130 A) induziert wird, urn eine star- 30 
ke Druckverringerung in der Verbrennungs- 
kammer (120) unter den Umgebungsdruck zu 
erzeugen. 

Selbstanlassendes tragbares Werkzeug nach 35 
Anspruch 1, bei dem die Offnungseinrichtung 
mehrere Off nungen (1 56) umfa/3t. 

Selbstanlassendes tragbares Werkzeug nach 
Anspruch 1, bei dem die Offnungseinrichtung 40 
(156) in dem unteren Ende des Zylinders 
(104), jedoch oberhalb des Bodens desselben 
angeordnet ist. 

Selbstanlassendes tragbares Werkzeug nach 45 
Anspruch 1, bei dem die Offnungseinrichtung 
(156), wenn der Kolben (130) sowohl oberhalb 
als auch unterhalb derselben liegt, mit der 
Umgebungsatmosphare Ober ein Auslaflventil 
(172) in Verbindung steht, das sich offnet, so 
wenn der Druck unterhalb des Kolbens (130) 
Ober den Umgebungsdruck ansteigt, und das 
sich in Abhangigkeit von einer Druckverringe- 
rung unter den Atmospharendruck innerhalb 
des Zylinders (104) in dem Bereich der Ciff- 55 
nungseinrichtung (156) schlieflt. 

Selbstanlassendes tragbares Werkzeug nach 



Anspruch 4, bei dem das Ausla/Sventil (172) so 
angepaflt ist, dafl es sich in Abhangigkeit von 
der Bewegung des Kolbens (130) nach unten 
in Richtung der Offnungseinrichtung (156) 
ebenso, wie in Verbindung mit der Verbren- 
nungskammer (120) offnet, wenn der Kolben 
(130) sich an der Offnungseinrichtung (156) 
vorbei nach unten bewegt. 

6. Selbstanlassendes tragbares Werkzeug nach 
Anspruch 1, umfassend ein Auslaflventil (172), 
das uber dem Boden des Zylinders (104) zum 
Aussto/Jen von Luft unter dem Kolben (130) 
durch die Offnungseinrichtung (156) angeord- 
net ist, wenn der Kolben sich auf seinem 
Treibhub bewegt, wobei der Teil des Zylinders 
(104) unter der Offnungseinrichtung (156), die 
Kolbenunterseite (130 B) und das Gehause 
(102) in der Nahe des Bodens des Zylinders 
(104) eine abgedichtete Druckkammer (146) 
bilden, wodurch die Luft unter dem Kolben 
(130) und der Offnungseinrichtung (156) kom- 
primiert wird, um ein Luftpuffer zu bilden, das 
die Beruhrung des Gehauses (102) in der 
Nahe des Bodens des Zylinders (104) durch 
den Kolben (130) verhindert. 

7. Selbstanlassendes tragbares Werkzeug nach 
Anspruch 4, bei dem der Abschnitt des Gehau- 
ses (102), der in der Nahe des Bodens des 
Zylinders (1 04) liegt, eine Mehrzahl von Einwe- 
gruckschlagventilen (174) umfaflt, die sich off- 
nen, um atmospharische Luft einzulassen und 
die Bewegung des Kolbens (130) in seine obe- 
re Stellung zu unterstutzen, nachdem er ange- 
trieben worden ist und die Verbrennungsgase 
durch die Offnungseinrichtung (156) ausgesto- 
/ten worden sind, sowie ein Vakuum oberhalb 
des Kolbens (130) vorhanden ist. 
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